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I1 TECHNICAL DISCUSSION 
\ 




K k r i  the x-rsy instrmentat icn packat$ i,s accurately pointed toward the 
su-n, so la r  rad ia t i on  incident upon the annular lens * i s  focused by 
means o f  r e f l e c t i o n  o f f  the inner surface o f  the annular lens onto the 
aperture o f  a camera. The lens consists o f  two tandem annular conical 
frustums which are held i n  o p t i c a l  alignment by a bery l l ium holder 
which integrae w i t h  the bery l l ium base plate.  To prevent rad ia t i on  
* The experiment consists o f  two x-ray telescopes but  f o r  purposes 
o f  discussion we shal l  describe only one a t  the present time. 
which does not r e f l e c t  o f f  the annular lens, and hence t h a t  rad ia t i on  
which i s  no t  proper ly focused, from exposing the f i l m  an entrance ap- 
e r tu re  stop i s  inserted. Since the lens consists o f  two tandem annu- 
l a r  conical frustrums, a double image i s  formed. 
e x i t  aperture stop i s  used t o  contro l  the shape o f  the inner edge o f  
Consequently, an 
the image. P r i o r  t o  entering the camera the rad ia t i on  passes through 
an e l e c t r i c a l l y  actuated shutter i s  attached t o  the face o f  the cam-' 
era housing. The two cameras each have e igh t  f i l m  s ta t ions and are  
indent ica l  t o  each other. The mechanism o f  the camera i s  accurate 
enough t o  insure t h a t  t h e  center o f  the image formed on the f i l m  i n -  
serted i n  any respective pos i t i on  i n  the x-ray camera falls w i t h i n  





- ' I  
I 
i n  a given camera i s  perpendicular t o  the op t i ca l  ax is  t o  w i t h i n  20 sec- I 
onds o f  arc. F i rmly  attached t o  the camera i s  an adjustable mount, which.  
i n  t u r n  i s  mounted t o  the base p la te.  The s l i d e  cont ro l  design provides ~ 
0.3 inches f ree  t rave l  and i s  a pos i t i ve  lock ing  device t o  securely l ock  
I 
era with respect t o  the camera mount. 
vides an accurate means o f  ad just ing the op t i ca l  foca l  length. 
When ca l ibrated,  the vern ier  
The 
era i s  actuated by a c lock spr ing and a c lock escapement arm which 




tuated v i a  a solenoid-electronic contro l  t o  a l low advancement o f  the mech- 
anism t o  the respect ive f i l m  stat ions.  
actuat ion no s ing le  s t a t i o n  can be missed. 
signed i n t o  a l i g h t - t i g h t  sh ie ld  surrounding the  bery l l ium f i l m  holder i s  
As a r e s u l t  o f  the escapement arm 
The re-entry shut te r  i s  de- 
provided by fou r  screws which ho ld  the l i g h t  sh ie ld  i n  the camera base. 
The re-entry i s  a b i s tab le  device i.e. i t  i s  e i t h e r  pinned i n  the shut te r  
open o r  the shut ter  closed posi t ion.  Once the re-entry solenoid i s  ener- 
gized i t  must be manually reset  by re leas ing the shut te r  lock ing  p i n  and 
arming the shut te r  t o rs ion  spring. 
two rad ia t i on  detectors (proport ional  counters) o f  the LND type are also 
mounted on the base plate.  These detectors have aperture p la tes and a t -  
tached f i l t e r s ,  t o  cont ro l  t h e  range o f  the incoming x-rays. 
I 






11. 2 General E lect ron ics Descr ipt ion For Aerobee 4.95 X-Ray Instrument Pack- 
age 
The e lec t ron i c  instrumentation consists o f  three independent funct ions:  
1. A1 umi num window proport ional  counter. 
2. Bery l l ium window prnportional cnuntw. 
3. E lect ron ics f o r  ac t i va t i ng  and monitor ing the operation o f  the 
The complete e lec t ron ics  and high vol tage supply f o r  the A1 counter i s  
housed i n  a s ing le  aluminum case which i s  t o  the base plate.  Likewise 
the e lec t ron ics  f o r  the Be counter i s  housed i n  a s i m i l a r  case. 
o f  the counter electronics,  camera and shut te r  cont ro l  c i r c u i t s  i s  i n -  
dependent o f  each other f o r  maximum u l t i l i z a t i o n  of the experiment i n  
the event o f  a fa i l u re .  The in te r face  connections from the instrument 
package t o  the 'IF" sect ion are RF i so la ted  by the use o f  E r i e  f i l t e r  
pins. A l l  base p l a t e  wi r ing i s  done w i t h  shielded cables. The counter 
e lec t ron ics  i s  grounded a t  the i npu t  o f  the preampl i f ier  stage i n  each 
package. This i s  done because the e)ectronics case i s  then used as an 
camera and shut te r  mechanisms. 
Each 
! 
electrostatic shield surrounding the high senslt iv i ty  stages. The elec- 
t r on i cs  are constructed f r o m  high r e l i a b i l i t y  components throughout. 
The e lec t ron ics  operate t o  spec i f i ca t ions  under the fo l low ing  environ- 
mental condi t ions:  
1. Temperature range -25 degrees C t o  +125 degrees C. 
2. V ib ra t ion  (3 axis)  10 G mean, 5-500 HZ Random 
3. Shock ( 3  ax is)  50 G, 10 times. 
4. Accelerat ion (3  axis)  100 G, 15 minutes. 
5. Vacuum - Atmosphere t o  t o r r  
. 
5 
All semi conductors conform to  Mil-S-19500 and Mil-Std-750, o r  t o  the Fair- 
chi 1 d FACT qual i t y  assurance program. A1 1 res1 stors conform t o  M i  1 -R-l0509D. 
A1 1 capaci tators conform t o  Mi 1 -C-l9978B or M i  l-C3965'3. 
Battery power requirements are : 
1. To 'operate each camera mechanism: 
Single 160 Millisec pulse, 17-21V, 0.5 AMP. a t  19.5V. 
Current is drawn only  d u r i n g  advancement o f  the camera. 
2. To. operate each shutter mechanism: 
Continuous requirement o f  260 ma. a t  19.5V. 
3. Electronics fo r  AI-window proportional counter 17-21 W ,  350 ma. 
4. Electronics fo r  Be-window proportional counter 17-21V, 200 ma. 
11. 2.la E lect ron ics f o r  the Aluminumhindow Proport ional  Counter 
.\ 
A block diagram o f  the e lect ron ics i s  shown i n  F ig  1. 
See the Appendix f o r  de ta i led  c i r c u i t  schematics. 
The c i r c u i t  i s  conventional, cons is t ing o f :  
1. A charge sens i t i ve  preamp1 i f i e r  
2. A main a m p l i f i e r  
6 
3. A 4-level d isc r im ina tor  fo l low ing  by anti-coincedence c i r c u i t s  t o  provide 
a 4-channel d i f f e r e n t i a l  pulse height  analysis and 
4. Z7 b i t  b inary scalers f o r  each d isc r im ina tor  channel. For each scaler, 
the 3 most s i g n i f i c a n t  b i t s  are sensed t o  g ive  an 8-level analog readout 
t o  telemetry. 
5. A 0.1% regulated,+1600 t o  +2300V h igh voltage supply f o r  the proport ion- 
a l  counter chamber. 
6. A +12V regulated supply f o r  the counter e lect ron ics.  
The p r i n c i p l e  operat ing charac ter is t i cs  o f  the u n i t  are se t  out  i n  Table I ,  
F i g  2. \ 
11. 2.lb Descr ip t ion o f  Operation 
Refer t o  the block diagram i n  F ig - 1 t o  f o l l o w  the c i r c u i t  philosophy. The pro- 
por t iona l  counter tube i s  a device f o r  producing a m u l t i p l i c a t i o n  of incoming 
photons. 
8-208 t o  enter  the propor t ional  counter tube. 
t o  the counter tube i s  p rec ise ly  contro l led,  the m u l t i p l i c a t i o n  and production 
The AL window has a pass band t h a t  allows (photon rad ia t ion)  between 
When the high voltage appl ied 
o f  secondary i o n  pa i r s  i s  accurately determinable. The ion  p a i r  generation 
7 
U1 1 I I I 










can be looked upon as a t r u e  generation o f  charge because the i npu t  o f  the pre- 
amp l i f i e r  i s  l a r g e l y  capacitance. The inpu t  capacitance i s  determined by the 
open loop gain and the t r a n s i t i o n  o r  feedback capacitance. The input  capaci- 
tance i s .  approximately. 
C i n  = Avo C t ,  where Avo = open loop gain, and C t  i s  the t r a n s i t i o n  ca- 
paci tance. 
The output o f  the preamp1 i f i e r  i s  a 'low source impedance voltage whose amp1 i- 
tude depends only on the t r a n s i t i o n  capacitance, the impinging x-ray f l u x  en- 
ergy, and the high voltage applied t o  the counter tube. The preampli fer out- 
put  i s  then ampli f ied and shaped by RC t i y e  constants t o  r e s u l t  i n  a narrow 
gaussian band-width w i th  a center frequency near 500 KHZ. Two non-invert ing 
amp l i f i e rs  are used and t h e i r  gains adjusted (by the choice o f  feedback re-  
sistances) so t h a t  the input  f o r  a 8A x-ray f l u x  o r  8.8~10 i o n  pa i r s  produces 




yzer  which has four channels which lead t o  r i p p l e  counters and scaler c i r c u i t s .  
I n  the height analyzer, micrologic c i r c u i t s  are used throughout t o  increase 
r e l i a b i l i t y  and save space. Operation i s  s t r a i g h t  forward i n  t h a t  the input  
pulse leve l  t o  the analyzer i s  compared t o  a voltage d i v ide r  which determines 
t o  which channel t h a t  pulse should add i t s  count. 
lower channel mu1 t i v i  brators are t r iggered but  the anti-coincidence l o g i c  pre- 
vents the lower energy channel counters f rom receiv ing these counts. The out- 
pu ts  from channels 2 and 3 are commutated a t  a 1 frame / sec r a t e  whi le chan- 
ne l s  1 and 4 are fed t o  telemetry outputs d i r e c t l y .  
I n  the process each o f  the 
9 
Table I Fig I 1  








Channel heights i n  terms 
o f  ion-pairs referred i o  
the preamp1 i f i e r  input 
Channe I 
Channel I 1  
Channel I11 
Channel I V  
System L inear i ty  
8.8 x l o 5  
5.8 - 8 . 8 , ~  l o 5  
4.4 - 5.8 ~ \ 1 0 5  
3.5 - 4.4 loa5 
Channel Height Stabi 1 i t y  
Long te rm and temperature 
(-25) degrees C t o  +125 degrees C) d r i f t  ' 
Relative long term and temperature 
(-25 degrees C t o  +I25 degrees C) 
d r i f t  between channels 
RMS Input Noise Level 
/ 
Feedback Input Capacitance o f  the Charge 
Sens i t i v i t y  Preampl'ifier 
Channel. heights i n  terms 
o f  the wzvekxjth Gf the 
inc ident X-Ray quantum 
(assuming a 20 Angstrom 
u n i t  quantum produces 3.5 
x 105 ion-pairs). 
8 Angstrom u n i t  
12-8 Angstrom u n i t  
16-12 Angstrom u n i t  
20-15 Angstrom u n i t  
Bet ter  than 1% 
24% o r  f 1500 ion-pairs 
re fer red t o  the input, 
whichever i s  the greater 
21500 ion  pai rs  referred 
~, t o  the input. 
1500 ion-pairs a t  -25 de- 
grees C , 
grees C 
2500 ion-pairs a t  125 de- 
grees C 
' 1500 ion-pairs a t  25 de- 
Greater than 500 pf .  
. . 
t 
F i g  11, continued 10 
6. Channel Height Var ia t ion  with change 
i n  the capacitance of the Proport ional 
Counter 
7. Pulse Shaping 
I The pulse i s  shaped by s ing le  high-frequency 
t ime constant a t  0.51 sec and a t r i p l e  low- 
frequency time. constant a t  10 sec, 0.795 
Y 
Y 
sec, and .74 sec. Y r 
8. Recovery Times 
Taking the mean pulse height  (MPH) as 5 x l o 5  
~- ion-pairs a t  the input; 
Recovery time from an overload o f  100 x MPH 
t o  1% o f  MPH 
Recovery t ime from a pulse t o  1 x MPH t o  1% 
o f  MPH 
I P robab i l i t y  o f  a 1% e r r o r  i n  measured pulse 
height  a t  a mean pulse repe t i t i on  frequency 
(MPHF) o f  2000 sec-1 . 
Probab i l i t y  o f  a missed count a t  a MPHF o f  
2000 sec-1 
9. Base L ine S h i f t  w i th  Pulse Repet i t ion 
Frequency 
10. Maximum Counting Rate o f  z7 b i t  Binary 
Sealers 
.* ' 
-0.2% per  1 p f  
8 usec. 
/ 
'-5 sec. Y 
1% 
,0.3%. 
N i l .  
5 Mc 
Fig 11, continued 




Long term and temperature stabi 1 i t y  
(-25 degrees C t o  100 degrees C) \ >;
12. DC Battery Power Required 
11 
1600 t o  2300V 
0.1% 
+ i7  t o  +21v, 350 ma 
12 
An output from the r i p p l e  counter and scaler  c h a r a c t e r i s t i c a l l y  has 8 l eve l s  
inc lud ing  the zero l eve l .  The number of inpu t  counts per  step i s  16 and the 
t o t a l  number o f  counts per staircase i s  128. The comnutated outputs o f  chan- 
ne ls  2 and 3 are d is t inguishable by a 2/3 r a t i o  i n  t h e i r  v o l t s  per step. 
The high voltage supply i s  conventional i n  concept, bu t  sophisicated i n  i t s  
refinements. The c i r c u i t r y  consists o f  a ser ies regu la to r  cont ro l  t o  supply 
a source f o r  the Dc/Dc transformation. The chopper i s  a non-saturating 20 
KHZ f ree  running m u l t i v i b r a t o r  d r i v ing  a p a i r  o f  low saturat ion switches. 
vol tage i s  then stepped up and r e c t i f i e d  by a half-wave voltage doubler and 
The 
f i l t e r e d  by a three sect ion-pi  t o  reduce r i p p l e  t o  2 microvol ts.  
output c i r c u i t ,  a h igh l y  s tab le  voltage d i v i d e r  consists o f  20-1 meg metal 
f i l m  res is tors .  
ence which i s  a low cur ren t  planar zerner diode. 
I n  the d-c 
A f rac t i on  o f  the d i v ide r  voltage i s  compared t o  the re fe r -  
The regulator  amp1 i f i e r  
has a 3db frequency response o f  500 HZ. 
age monitor which gives an ind ica t ion  o f  the performance o f  the regulator.  
An accessory provided i s  a high v o l t -  
A 
FEP used as a source follower monitors an internal point i n  the regulator  and 
t he  voltage measured a t  t h a t  po int  ind icates t h a t  the regulator  i s  funct ion- 
ing.  Since the regu la to r  has a high d-c gain the vol tage a t  the monitor w i l l  
be e i t h e r  zero o r  5 v o l t s  i f  there i s  a high voltage malfunction. The long 
term s t a b i l i t y  of the supply i s  b e t t e r  than 0.1% and the voltage i s  adjustable 
f rom 1600 t o  2300 v o l t s  by means 0 f . a  prec is ion potentionmeter. 
c 
13 
The 12 volts dc regulated supply is  a conventional series regulator. 
plies the h i g h  voltage oscillator regulator power and all power required by 
the counter electronics. The accuracy of the supply i s  better t h a n  - 1% over 
the required temperature range, giving a more t h a n  adequate reference for  the 
I t  sup- 
+ 
pulse height level discriminator circuits. 
the regulator can-range between 15V and 25V with a line regulation of less t h a n  
10 mv. 
The i n p u t  t o  the electronics through 
The current required i s  less t h a n  350 ma. 
. 
. 
I .  
11. 2.2a Elect ron ics f o r  the Beryllium-Window Proport ional  Counter 
A block diagram o f  the e lect ron ics i s  shown i n  F ig  111. 
See the Appendix f o r  de ta i led  c i r c u i t  schematics. 
The c i r c u i t  consists o f :  
1 .  
2. A main a m p l i f i e r  
3. A pulse s t re tch ing  system 
4. 
A charge - sens i t i ve  preampi i f i e r  
A 0.1% regulated, 1600 t o  2300 V high voltage supply f o r  the proport ion- 
a l  counter (described under sect ion l b )  
5. A + 12V regulated supply f o r  the counter e lec t ron ics  (also described un- 
der sect ion l b )  
The p r i n c i p l e  operat ing charac ter is t i cs  o f  the u n i t  are se t  ou t  i n  Table 11, 
Fig. IV. 
11. 2.2b Descr ipt ion o f  Operation 
Refer t o  the  block diagram i n  Fig I11 t o  f o l l ow  the c i r c u i t  philosophy. 
propor t ional  counter tube i s  a device f o r  producing a m u l t i p l i c a t i o n  o f  in-  
coming photons. 
between 1-8A t o  enter  the proport ional  counter tube. 
product ion of secondary i o n  pa i rs  i s  accurately determinable (when the high 
vol tage appl ied t o  the counter tube i s  p rec ise ly  contro l led) .  This i on  p a i r  
generation can be looked upon as a t r u e  generation o f  charge because the i n -  
The 
The Be window has a passband t h a t  allows photon rad ia t i on  
0 
The m u l t i p l i c a t i o n  and 
p u t  o f  the preampl i f ier  i s  l a rge l y  capacitance. This capacitance i s  deter-  
















Table 11, Fig. I V  
Performance Speci f icat ions o f  the Electronics f o r  the Beryl1 ium Window 










(output t o  telemetry from input  t o  
preamp1 i f i e r  ) 
System L i n e a r i t y  
Gain S t a b i l i t y  
Long term and temperative 
(-25 degrees C t o  +125 degrees C) d r i f t  
Maximum Signal Amp1 i tude 
A t  i npu t  t o  p reampl i f ie r  
/ 
A t  output t o  telemetry 
Input  Capacitance f o r  the 
Change-Sensi t i v i  ty  Preamp1 i f i e r  
Gain Var ia t ion  wi th  change i n  the 
capacitance o f  the Proportional Counter 
RMS Input  Noise Level 
Shape o f  Stretched Pulse 
Pul se e leva t ion  
Rise and f a l l  times 
Sag during pulse 
Frac t ion  of peak amp1 i tude reached 
a t  end of 500 sec. r 
1 .28v/l 06i  on pa i r s  
f2% 
+4% 
3.5 x 10’ ion-pairs 
4.5v 
greater than 500 p f  
-0.2% per l p f  
2500 ion-pairs a t  -25 degrees C 
2500 ion-pairs a t  25 degrees C 
9000 ion-pairs a t  125 degrees C 
500 sec + - 2% 
Y 




I 9. Recovery 
Recovery time (from the termination o f  the 
stretched pulse) f o r  a pulse o f  1 x mean 
pulse height (MPH) t o  5% o f  MPH. 
Proba-bi l i ty  o f  a 5% s h i f t  i n  pulse 
height ( s t r i c t l y  i n  base l i n e )  a t  a 
mean pulse r e p e t i t i o n  frequency (MPRF) 
o f  200 sec - 1 
Probabi 1 i ty  o f  a second pul se during 
the s t re tch ing  o f  a f i r s t  pulse a t  a 
MPRF o f  200 sec - .  1 
10. High Voltage Supply t o  Proportional 
Counter 
Adjustment range (by external tri'mming 
res1 star) i 
Long term and temperature s t a b i l i t y  
(-25 degrees C t o  100 degrees C) 
\ 
11. DC Battery Power Requirements 
L 
17 
450 p sec. 
1 0% 
10% 
.+1600 t o  +2300V 
0.1% 
+15 t o  +21V, 200 mA max. 
* 
18 
The output o f  the preampl i f ier  i s  a low source impedance voltage whose ampli- 
tude depends only  on the t r a n s i t i o n  capacitance, the impinging x-ray f l u x  en- 
ergy, and the high voltage appl ied t o  the counter tube. The preampl i f ie r  out-  
pu t  i s  then ampl i f ied  and shaped by RC t ime constants which r e s u l t s  i n  a nar- 
row gaussian bandwidth w i t h  a center frequency near 50 KHZ. 
i n g  ampl i f ie rs  are used and t h e i r  gains adjusted (by the choice o f  feedback 
resistances) so t h a t  the input  f o r  a 1 
produces an output o f  4.5 vo l ts .  
This a m p l i f i e r  output i s  then fed to',the pulse s t re tcher  c i r c u i t r y  which pro- 
duces a pulse o f  5 0 0 p  sec durat ion and whose amplitude corresponds t o  the peak 
vol tage o f  the i npu t  voltage. 
The operat ion of the c i r c u i t  i s  as follows>+ The charge on the pulse storage 
capaci tor  i s  zero u n t i l  an i npu t  pulse t o  the pulse s t re tcher  c i r c u i t  exceeds 
the threshold voltage leve l  of t h e  mu l t i v i b ra to r .  Current i s  then allowed t o  
Two non-invert- 
x-ray f l u x  o r  3.5 X l o 6  i o n  pa i r s  
t 
I 
f l ow  through the pulse storage capaci tor  from the high gain operational ampli- 
fier until the voltage across the capac i tor  i s  the same as the peak input  pulse. 
A diode i n  the feedbackpath prevents the capaci tor  from discharging as the i n -  
I 
p u t  pulse diminishes. 
the  capaci tor  and a new cycle may begin. 
However, a f t e r  500,~ secs the mu l t i v i b ra to r  discharges 
A second operat ional  ampl i fer  connected as a per fec t  voltage fo l lower  samples 
the  vol tage across the pulse storage capaci tor  wi thout  causing any s i g n i f i c a n t  
droop i n  the stretched pulse. 
t o  g ive  the speci f ied r i s e  and f a l l  charac ter is t i cs  and then fed  t o  elemetry. 




11. 2.3a Camera Electronics and Shutter Control 
A b lock diagram f o r  the camera e lect ron ics i s  shown i n  F ig  V, 
d i x  f o r .  the de ta i led  c i r c u i t  schematic. 
See the Appen- 





Two independent camera solenoid c i r c u i t s .  
Shutter motors f o r  con t ro l l i ng  f i l m  exposure time. 
.Re-entry solenoids operating one-time camera shutters.  
A r e s i s t o r  matr ix  t o  sum voltages from the shut te r  
wheel switches. The operation o f  the e n t i r e  c i r c u  
t h i s  po int .  
11. 2.3b Descr ip t ion o f  Operation 
I n  the block diagram on ly  one camera channel i s  described 
motors and camera 
t i s  monitored a t  
because the 2nd cam- 
era channel i s  i den t i ca l .  
the  funct ion performed i n  the 'IF" sect ion t imer  accomplishes tha t  simple act .  
The shut ter  command i s  shown as a switch because 
. 
To examine the func t ion  o f  t he  c i r c u i t  assume the shut te r  switch i s  open and 
the  power i s  o f f .  
era solenoid, s ince the t ime constant C2 R2 11 R3 i s  greater than R, C1. 
arrangement assures t h a t  no camera actuat ion can occur due t o  t u r n  on t ran-  
s ients .  
vo l t s .  
discharges through R1, 
erated by the recharging of C through R 
dex solenoid. 
pu lse i s  200 mi l l iseconds long. 
Turning the  power on, no voltage w i l l  appear across the cam- 
This 
I n i t i a l l y  the  exposure shut te r  i s  closed, and C1 i s  charged t o  19.5 
On command, the shutter opens f o r  the required exposure t ime ,  and C1 
Af ter  the exposure, the shut ter  closes and a pulse gen- 
i s  ampl i f ied and appl ied t o  the i n -  










I f  
1. 




The re-entry solenoids are double coil typqs so t h a t  l i t t l e  power i s  re- 
quired after pull-in. The comnand for re-entry safety shutter occurs after 
al l  the pictures have been taken and the total experiment i s  over. 
. 
1 
! -  
I 
j -  
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I f f  Performance During Pre- f l ight  Tests .and During F l i g h t  
The x-ray telescope experiment package was del ivered t o  Dr .  J. H. Under- 
wood on ,March 10, 1966 and was formally accepted on March 31, 1966. 
The acceptabi 1 i ty tests  included temperature cycl  i ng , operation through 
the corona region and through vacuum, and a vigorous mechanical shake. F ie ld  
devices by a Speedring engineer were' provided during these acceptabi l i ty  t e s t s .  
In tegrat ion o f  the instrument wi th  the point ing control  occured a t  B a l l  
Brothers Research Corp. i n  Boulder, Colorado Apr i l  25 through May 6. A mech- 
anical and an e lec t r i ca l  engineer f rom Speedri ng provided f i e l d  support ser -  
vices . 
F ie ld  support was continued a t  White 
20. The "horizontal" "ver t ica l " ,  and "f l 
\ 
Sands, New Mexico May 9 through May 
ght ready" performances were run 
without incident. During the actual f l i g h t  again no problems occured and a l l  
systems performed as desired. 
on ly  v i s i b l e  damage was t o  the cover o f  the instrument.. The success o f  the 
Af ter  recovery, examination showed tha t  the 
experiment was r e a l l y  determined when the cameras were found t o  have taken 16 
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D r .  James Underwood Solar Physics Branch, 
Laboratory f o r  Space -Sciences GSFC 














$ 1  
Code 614 - 1  
f 
I t  t 
c 
i " 1 






I 1 1  
u . . " .  
Y Y I J $  
I 
I - I * o w  
h 
H C C N E  
I ‘  





DAM-I55 t 15P 
li 
FRONT VIEW OF T8 I 
pg S s l O C A T E D  ON RELAY B O X  
MtCRO SW. JUNCTION 
-IAl - UI 
CAMERA CONTROL W I R I U O  D I A G R A M  
T6r LOCATED O N  
ZND BULKH€AD 
-ll L.U. I -  .... ...... 1 - 1 -  . l l - % C I m  
INSTRU 
I N P U T  
W 9 . 5 ~  C W N l € R  
+19.¶4 CAMERA 
+19.5v HlGW mT4a 
UCCTRONtCS CUD. 
SOLENOID ONO. 
SHUTTER * I  








ELECTRON IC S 
s, DAM-IS3 
BL. COUMTER 
E L E C T R O N  ICs 
c 
P 
I I / 
'I  \ I 
‘ i  
” 
e 
. -. 
I 
-3‘. 
-5- 
1 I 
I I 
1 I 
I 
I I 
